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HIA antigens in idiopathic dilated cardiomyopathy
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SUMMARY Disturbances of humoral and cellular immunity are common in patients with
idiopathic dilated cardiomyopathy and they may contribute to the initiation and maintenance of
myocardial damage. HLLA antigens were studied in 102 patients with dilated cardiomyopathy and a
control hospital population. HLLA-DR4 was significantly more common in patients with idiopathic
cardiomyopathy (41 patients, 409, ) than in the control group (123 patients, 249,). The distribution
of other antigens was not significantly different in the two groups. The distribution of blood group
antigens, immunoglobulin concentrations, and disease severity was similar in patients with the

HLA-DR4 antigen and those without it.

These results suggest that HLA-DR4 antigen may be a genetic marker for susceptibility to

dilated cardiomyopathy.

Idiopathic dilated cardiomyopathy is a clinical entity
of unknown and probably heterogeneous aetiology.
In the search for pathogenetic mechanisms, con-
siderable attention has been focused on the possi-
bility that disturbed immunity may be important.™”*
Several abnormalities in cellular'® and humoral **
immunity have already been described in patients
with idiopathic dilated cardiomyopathy and are
thought to be triggered by an initial episode of
myocardial damage (for example after viral infection)
that sets the stage for an autoimmune response.
Development of autoimmunity is the summation of
diverse genetic traits that give rise to a genetic
predisposition expressed both as an increased sus-
ceptibility to infectious (for example viral) agents and
to organ specific autoimmune reactions.'

In most reported cases a predisposition to auto-
immune disease is under the control of immune
response genes'®!! and as a result autoimmune dis-
orders show preferential associations with the
products of immunoglobulin, complement, or HLA
genes. For example, there is a significant increase in
the frequency of HLLA-B27 antigens in ankylosing
spondylitis, HLA-DR3/DR4 in juvenile diabetes
mellitus, and HLLA-DR3 in myasthenia gravis (for a
review, see Tiwari and Terasaki'?). Furthermore,
-expression of class II HLLA genes is thought to be of
overriding importance in the presentation of self-
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antigens that leads to the pathological manifestations
of organ-specific autoimmunity.” Such expression
may be induced in response to viral infection or as a
result of the initial tissue damage induced by the
putative initiating agent. To examine the possible
role of immune response factors in the pathogenesis
of idiopathic dilated cardiomyopathy, we compared

" the frequency of histocompatibility antigens A, B, C,

and DR with that expected in a control population.
Patients and methods

We studied 102 white patients (aged 16—65, mean
(SD) 43-8 (10)) with idiopathic dilated cardiomyo-
pathy; none was alcoholic. There were 18 (17-6%,)
women. About 909, of these patients were of North-
ern European (predominantly Scandinavian) origin.
Cardiac symptoms had been present for 3-51 (1-0)
years. There were no diseases known to be associated
with specific HLA antigens (such as diabetes
mellitus, ankylosing spondylitis, Graves’ disease,
myasthenia gravis, or rheumatoid arthritis). The
severity of myocardial dysfunction in these patients
was indicated by a low ejection fraction (20-5 (4%),
raised pulmonary capillary wedge pressure (26-8 (5)
mm Hg), low cardiac index (2-1 (0-2) 1/min/m?), and
high concentrations of plasma noradrenaline 3-4 (0-4)
nmol/l). We selected controls for this patient group
from a local hospital population. Six hundred and
seventeen individuals were typed for HLLA A, B, and
C loci and 511 for HLA-DR loci (mean age 48 (9)
years and 316 (289,) were women).

Lymphocytes for HLA antigen typing were
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isolated from 20 ml heparinised blood by Ficoll-
Hypaque (Pharmacia) density gradient centrifu-
gation." Purified B lymphocytes for HLA-DR typ-
ing were prepared by the method of Danilovs et al.®
Histocompatibility antigens A, B, and C were
assayed on lymphocyte suspensions by the micro-
cytotoxicity method'® while HLA-DR typing was
performed in microlymphocytotoxicity assays with
prolonged incubation times on isolated B lympho-
cytes.'” In two patients, only Class I HLA antigens
were tested. The statistical evaluation of the results
followed the methods of Svejgaard et al.'®* Chi
squared 2 X 2 contingency tables were used for
comparisons between patient and control groups.
Associations based on small numbers were tested by
Fisher’s exact test. p values were corrected for the
number of antigens tested and associations were
regarded as significant if p < 0-05. Relative risk and
aetiological factor were calculated as previously des-
cribed.”®

Results
Tables 1-4 give the HLA antigen frequencies for
patients with cardiomyopathy and controls. The

Table 1 HLA-A antigen frequencies in patients with
idiopathic dilated cardiomyopathy (IDC) and in controls

IDC Controls

(n=102) (n=617)
HLA type n % n %
Al 37 36-3 169 27-4
A2 57 55-9 304 49-3
A3 28 27-4 154 25-0
All 9 8-8 71 11-5
Aw24 18 17-6 120 19-4
A26 6 59 50 8-1
A28 10 9-8 51 83
A29 4 39 27 44
Aw30 8 7-8 28 45
Aw32 5 49 48 7-8

None of the p, values was significant.

Table 2 HLA-B antigen frequencies in patients with
idiopathic dilated cardiomyopathy (IDC) and controls

IDC Controls

(n=102) (n=617)
HLA type n % n %
B7 24 235 153 24-8
B8 20 19-6 121 19-6
B13 7 6-9 24 3-9
Bl14 6 59 49 79
B27 11 10-8 47 7-6
Bw35 7 69 101 16-4
Bw39 4 3.9 26 4-2
Bw44 36 35-3 143 23-2
Bw51 8 7-8 61 99
Bw62 17 16-7 67 10-9

None of the p, values was significant.
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Table3 HLA-C antigen frequencies in patients with
idiopathic dilated cardiomyopathy (IDC) and controls

IDC Controls

(n=102) (n=617)
HLA type n % n %
Cwl 3 29 46 75
Cw2 7 69 60 9-7
Cw3 19 18-6 124 20-1
Cw4 13 13-0 136 22-1
Cw5 7 70 72 11-7

None of the p, values was significant.

Table4 HLA-DR antigen frequencies in patients with
idiopathic dilated cardiomyopathy (IDC) and controls

IDC Controls

(n=102) (n=511)
HLA type n % n %
DRI1 17 17-0 102 20-0
DR2 23 240 161 315
DR3 31 30-0 118 231
DR4 41 40-0* 123 24-0*
DR5 20 20-0 94 18-4
DRw6 22 22:0 102 20-0
DR7 18 18-0 115 225
DRw8 4 40 17 3-4
DRw9 2 20 10 20
*p. = 0-001.

frequencies of HLA-A and HLLA-C were similar in
the two populations and indistinguishable from the
expected frequencies in North American popula-
tions. Among the HLLA-B group, only HLA-Bw44
was slightly overrepresented in the cardiomyopathy
group (35-39, compared with 23-29; in the controls,
p = 0-05). The difference, however, was not statis-
tically significant after correction for the number of
antigens tested (p. = 0-5). On the other hand, HLA-
DR4 was found in 41 (409,) of the cardiomyopathy
patients compared with 123 (249,) of the controls (p,
= 0-001). The latter association represented a risk
association of 2-20 and an aetiological factor of 0-25.
There was no clinical or haemodynamic characteris-
tic that distinguished the HILA-DR4 positive
patients from the HLLA-DR4 negative patients (table
5). Similarly, the distribution of ABO blood groups
was not significantly different in the patients (529,
were blood group A, 359, were blood group O, and
139, were blood group B). The distribution of ABO
blood groups among patients who were HLLA-DR4
positive and those who were negative patients was
similar. Concentrations of serum immunoglobulins
in patients with idiopathic dilated cardiomyopathy
were normally distributed (IgG 9-63 (1-40) g/,
IgA 2-36 (0-43) g/1, IgM 1-06 (0-19) g/1, IgE 193-92
(36:0) g/1).
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Table5 Clinical characteristics (mean (SD)) of patients
with idiopathic dilated cardiomyopathy

HLA-DR4 HLA-DR4

(+) (=)

(n=40) (n=62)
Age (yr) 46 (W] 47 8)
Sex (F/M) 8/ 10/62
Duration of symptoms (yr) 33 (04 34 (07
Ejection fraction (%) 210 (1-5) 182 (1-6)
Pulmonary capillary wedge

pressure (mm Hg) 281 (21 273 (29

Cardiac index (I/min/m?) 2:06 (0-20) 1-98 (0-16)
Plasma noradrenaline (nmol/l) 3-53 (0-48) 2:96 (0-49)
Discussion

There is considerable evidence for immunological
dysfunction in patients with dilated cardiomyopathy,
and abnormalities of both cellular and humoral
immunity have been reported. Das et al, for example,
showed that a large proportion of cardiomyopathy
patients had impaired lymphocyte responses to
mitogens.? In Chagas’s disease, cytotoxic T lym-
phocytes are directed against both the parasite,
Trypanosoma cruzi, and heart muscle cells.” Jacobs et
al found cell mediated cytotoxicity against cultured
myocardial cells in 30%, of patients with cardio-
myopathy, 249, of those with other forms of heart
disease, and 4%, of healthy individuals.>* An abnor-
mality in suppressor T cell function in patients with
dilated cardiomyopathy has been suggested* but does
not seem to be a uniform finding.” Although sub-
groups of cardiomyopathy patients seem to have
abnormalities in lymphocyte function, the relation to
the pathogenesis of the disease and clinical severity
has not been easy to establish.”

Abnormalities in humoral immunity have also
been implicated in the pathogenesis of dilated
cardiomyopathy. Anti-heart antibodies were detec-
ted by immunofluorescence®® or the antiglobulin
consumption test’ and the frequency was correlated
with the severity of heart failure and the duration of
the disease. Circulating antibodies against specific
antigenic determinants, such as sarcolemmal
proteins,® the adenine nucleotide translocator,’ and
the B adrenoceptor® were also reported. Although
these findings strongly suggest that immunological
responses are important in dilated cardiomyopathy,
they do not elucidate the relation of these abnor-
malities to the initiation and maintenance of myocar-
dial dysfunction.

The possible contribution of genetic factors to the
immunologically-associated damage in cardiomyo-
pathy has not received adequate attention. It is
known, however, that genetic factors have a role in
the pathogenesis of dilated cardiomyopathy, as
shown by the cases of familial cardiomyopathy, for
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which both recessive and dominant modes of inheri-
tance have been described.”? It is not known,
however, how the genetic traits are expressed as
myocardial dysfunction in cardiomyopathy. Alth-
ough, in some cases, metabolic defects of the cardiac
myocyte have been implicated, in others, an enhan-
ced susceptibility to environmental agents or to
immunological responses to them may be at fault. An
immunological component was shown for the pro-
gression to chronic cardiac disease in experimental
and human viral myocarditis.?®* It is widely assumed
that many cases of dilated cardiomyopathy are the
end result of a preceding viral infection the
serological evidence for which has long since dis-
appeared. Itis suggested that the initial virus induced
myocardial damage sets up an immunological re-
action against intracellular constituents which
further sustains and aggravates myocardial dysfunc-
tion. Immunological mechanisms would thus have a
secondary role and contribute to a variable extent to
the progression of the myopathic process. It is also
possible, however, that genetically controlled im-
munological mechanisms participate more directly in
the initiation of myocardial damage either through
control of the susceptibility to the aetiological viral
infection, or through modulation of the immuno-
logical response to the putative viral agents. There is
precedent for both mechanisms: for example, it is
known that histocompatibility antigens determine
the cardiotoxicity of Coxsackie B viruses* or their
interaction with specific tissues. Also, experimen-
tally induced myocarditis induced in mice through
induction of antimyosin antibodies is largely deter-
mined by the H-2 locus.”

This suggested that it would be useful to look for
immunologically associated genetic markers of
dilated cardiomyopathy in humans. The HLA
antigens were selected because of their known par-
ticipation in the regulation of immune responses and
the previously reported association between specific
haplotypes and autoimmune diseases. The results of
our study suggest that the frequency of HLA-DR4
was significently higher in patients with dilated
cardiomyopathy than in controls. This accords with
the results of a smaller series reported by Anderson et
al.? On the other hand, the increase in HLA-B27 and
the underrepresentation of HLA-DRw6 reported by
Anderson et al were not confirmed in our series. Ina
series of patients with ischaemic cardiomyopathy, a
preponderance of HLA-DRw6 antigen was found,”’
whereas in patients with alcoholic cardiomyopathy
there was no association with any particular HLA
haplotype. Also there is some evidence that HLA-
DR3 is the antigen linked to hypertrophic cardio-
myopathy.?® This would indicate a certain degree of
specificity in the association of different types of
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cardiomyopathy with immune genetic markers.

The calculated aetiological factor of 0-25 in our
series probably underestimates the significance of
the association with HIL.A-DR4 because of the
heterogeneity of the pathological processes involved
in dilated cardiomyopathy. For example, in a contin-
uing study we found that the prevalence of auto-
‘antibodies against cardiac f adrenoceptors is almost
709% in HLA-DR4 positive patients with cardio-
myopathy compared with only 259, in HLA-DR4
negative patients.” It is likely, therefore, that the
increase in certain HLLA antigens is linked to specific
immunological disturbances, such as anti-receptor
(or other autoantibody) production. Subsets of
cardiomyopathy may then join the list of auto-
immune diseases associated with anti-receptor
antibodies. This has important implications for the
classification and the pathophysiology of dilated
cardiomyopathy as well as for new treatments. Sup-
port for such a pathogenetic role of class II HLA
antigens may come from studies of their expression in
the diseased myocardium. These antigens are not
normally expressed in the heart* but may be abnor-
mally expressed in pathological conditions such as
rheumatic carditis®® and cardiac transplant rejec-
tion.® It is not known whether myocardiopathic
tissue expresses these antigens and it is important to
find out if it does.

We found no correlation in this study between the
presence of HLLA-DR4 and the severity or duration
of the disease. This may not be unexpected if the
association is a marker for susceptibility to the
disease but does not influence its progression or
severity—a situation that is common to autoimmune
diseases. On the other hand, if HLA-DR4 is a marker
for a specific pathogenetic pathway (that is anti-
receptor autoantibodies), there may be a correlation
with disease severity within this subset of cardio-
myopathy patients. The design of our study, which
includes patients with severe haemodynamic impair-
ment does not allow us unequivocally to exclude the
possibility that HLA-DR4 positive patients have
more severe disease or more rapid course. A prospec-
tive study of a population with a wider range of
haemodynamic abnormalities is currently underway
and should help resolve this issue.

References

1 Bolte HD, Schultheiss HP. Immunological results in
myocardial disease. Postgrad Med 1978;54:500-3.

2 Teixeira ARL, Teixeira G, Macedo V, Prata A.
Trypanosoma cruzi sensitized T-lymphocytes
mediate *'Cr release from human heart cells in
Chagas’ disease. Am J Trop Med Hyg 1978;27:
1097-102.

3 Jacobs B, Matsuda Y, Deodhar S, Shirey E. Cell

10

11

12

13

14

15

16

17

18

19

20

21

22

Limas, Limas

mediated cytotoxicity to cardiac cells of lymphocytes
from patients with primary myocardial disease. Am J
Pathol 1979;72:1-16.

Fowles RE, Bieber CP, Stinson EB. Defective in vitro
suppressor cell in idiopathic congestive cardiomyo-
pathy. Circulation 1974;59:483-91.

Anderson JL, Greenwood JH, Kawaniski H. Evalua-
tion of suppressor immune regulatory function in
idiopathic congestive cardiomyopathy and rheumatic
heart disease. Br Heart J 1981;46:410—4.

Sack W, Sebening H, Wachsmut ED. Auto-antikorper
gegen Herzmuskelsarkolemm im serum von patienten
mit primarer kardiomyopathie. Klin Wochenschr
1975;35:103-10.

Oevermann W, Bolte HD, Zwehl W. Indirekter
Immunofluoreszentest und indirekter antiglobulink-
osumptions test in der diagnostik primarer kardio-
myopathien. Verh Ditsch Ges Inn Med 1973;79:114-8.

Das SK, Collen JP, Dodson VN, Cassidy JT. Im-
munoglobulin binding in cardiomyopathic "hearts.
Circulation 1971;44:612—6.

Schultheiss HP, Bolte HD. Immunological analysis of
autoantibodies against the adenine nucleotide trans-
locator in dilated cardiomyopathy. J Mol Cell Cardiol
1985;12:603-17.

Bottazzo GF, Todd I, Mirakian R, Belfiore A, Pujol-
Borrell R. Organ-specific autoimmunity: a 1986
overview. Immunol Rev 1986;94:137-59.

Feldmann N. Regulation of HLA class II expression
and its role in autoimmune disease. Ciba Found Symp
1987;129:88—-108.

Tiwari JL, Terasaki PI. HLA and disease associations.
New York: Springer Verlag, 1985:542.

Bottazzo GF, Pujol-Borrell R, Hanafusa T, Feldmann
M. Role of aberrant HLA-DR expression and antigen
presentation in the induction of endocrine auto-
immunity. Lancet 1983;ii:1115-9.

Boyum A. Isolation of lymphocytes, granulocytes and
macrophages. Scand J Immunol 1976;5(suppl 5):9-15.

Danilovs JA, Ayoub G, Terasaki PI. B lymphocyte
isolation by thrombin-nylon wool. In: Terasaki P,
ed. Histocompatibility testing. Los Angeles: UCLA
Tissue Typing Laboratory, 1980:287-8.

Terasaki PI, Clelland JD. Microdroplet assay of human
serum cytotoxins. Nature 1964;204:998-1000.

Bodmer JE, Pickbourne P, Richards S. Serology. In:
Bodmer WF, Batchelor JR, Bodmer JE, Festensein
H, Morris PH, eds. Histocompatibility testing, 1977.
Copenhagen: Munksgaard, 1977:35-8.

Svejgaard A, Platz P, Ryder LP. HLA and disease 1982.
Immunol Rev 1983;70:193-218.

Maisch B, Deeg P, Liebau G, Kochsiek K. Diagnostic
relevance of humoral and cytotoxic immune reactions
in primary and secondary dilated cardiomyopathy.
Am J Cardiol 1983;52:1072-8.

Limas CJ, Goldenberg IF. Autoantibodies against
cardiac B-adrenoceptors in human dilated cardio-
myopathy. Circ Res 1989;64:97-103.

Taylor WJ. Genetic aspects of the cardiomyopathies.
Prog Med Genet 1983;5:163-89.

Emanuel R, Withers R, O’Brien K. Dominant and
recessive modes of inheritance in idiopathic cardio-
myopathy. Lancer 1971;ii:1065-7.



HLA antigens in idiopathic dilated cardiomyopathy

23 Maisch B, Trostel-Soeder R, Stechemesser E, Berg PA,
Kochsiek K. Diagnostic relevance of humoral and
cell-mediated immune reactions in patients with
acute viral myocarditis. Clin Exp Immunol 1986;
48:553—45.

24 Wolfgram LJ, Beisel KW, Herskowitz A, Rose NR.
Variations in the susceptibility to Coxsackievirus B,-
induced myocarditis among different strains of mice.
J Immunol 1986;136:1846~52.

25 Neu N, Rose NR, Beisel KW, Herskowitz A, Gurri-
Glass G, Craig SW. Cardiac myosin induces myocar-
ditis in genetically predisposed mice. J Immunol 1987;
139:3630-4.

26 Anderson JL, Carlquist JF, Lutz JR, DeWitt CW,
Hammond EH. HLA A, B and DR typing in
idiopathic dilated cardiomyopathy: a search for
immune response factors. Am J Cardiol 1984;
53:1326-30.

27 Limas CJ, Limas C. HLA-DRw6 antigen linkage in

383
chronic congestive heart failure secondary to coron-
ary artery disease (ischemic cardiomyopathy). Am J
Cardiol 1988;62:816-8.

28 Fiorito S, Autore C, Fragola PV, Purpura M, Cannata
D, Sangiorgi M. HLA-DR3 antigen linkage in
patients with hypertrophic obstructive car-
diomyopathy. Am Heart J 1986;111:91-4.

29 Limas CJ, Limas C, Kubo S. Anti-f-receptor
antibodies in human dilated cardiomyopathy: relation
to histo-compatibility antigens [Abstract]. Circulat-
ion 1988;78(suppl I1):165.

30 Suitters A, Rose M, Higgins A, Yacoub MH. MHC
antigen expression in sequential biopsies from cardiac
transplant patients—correlation with rejection. Clin
Exp Immunol 1987;69:575-83.

31 Amoils B, Morrison RC, Wadee AA, et al. Aberrant

- expression of HLA-DR antigen' on valvular
fibroblasts from patients with active rheumatic car-
ditis. Clin Exp Immunol 1986;66:88-94.



